A recent fMRI-study revealed neural responses for affective processing of stimuli for which overt attention irrespective of stimulus valence was required in the orbitofrontal cortex (OFC) and bilateral amygdala (AMY): activation decreased with increasing cognitive demand. To further characterize the network putatively related to this attenuation, we here characterized these regions with respect to their functional properties and connectivity patterns in task-dependent and task-independent states. All experiments of the BrainMap database activating the seed regions OFC and bilateral AMY were identified. Their functional characteristics were quantitatively inferred using the behavioral meta-data of the retrieved experiments. Task-dependent functional connectivity was characterized by meta-analytic connectivity modeling (MACM) of significant co-activations with these seed regions. Task-independent resting-state functional connectivity analysis in a sample of 100 healthy subjects complemented these analyses. All three seed regions co-activated with subgenual cingulum (SGC), precuneus (PCu) and nucleus accumbens (NAcc) in the task-dependent MACM analysis. Task-independent resting-state connectivity revealed significant coupling of the seeds only with the SGC, but not the PCu and the NAcc. The former region (SGC) moreover was shown to feature significant resting-state connectivity with all other regions implicated in the network connected to regions where emotional processing may be modulated by a cognitive distractor. Based on its functional profile and connectivity pattern, we suggest that the SGC might serve as a key hub in the identified network, as such linking autobiographic information [PCu] 
Introduction
It has been shown that cognitive distraction can influence affective processing and emotional states by relocation of attentional resources (Blair et al., 2007; Erk et al., 2007; Pessoa et al., 2002; van Dillen and Koole, 2007) . In a previous study (Kellermann et al., 2012) examining the modulation of affective processing by concurrent cognitive demand, we found a significant "stimulus valence" (neutral vs. emotional) × "cognitive load" interaction in three regions, namely the bilateral amygdala (laterobasal [LB] and superficial [SF] parts, Amunts et al., 2005) , as well as the medial orbitofrontal cortex (OFC). These regions were significantly active during implicit appraisal of emotional stimuli, and this activation was significantly attenuated by the performance of a more challenging working memory task. It is furthermore important to mention that these regions as well as the attenuation effect are not affect-specific, as we found the same interaction effect between "stimulus valence" (emotional vs. neutral) and "cognitive demand" for processing of positive as well as negative emotional stimuli. It was therefore conjectured that these regions are involved in processing affective stimuli independent of their valence and task-relevance, but are at the same time susceptible to attenuation under increased cognitive load. The functional connectivity of these regions and hence their interaction in larger networks, however, remain elusive.
Appraisal of emotional stimuli represents a fundamental feature of affective processing, which is triggered automatically and implicitly by the presentation of emotional stimuli Scherer, 2001) , and has been linked to the assessment of self-relevance (Ellsworth and Scherer, 2003; Sander et al., 2005; Scherer, 2001 ). This raises the question, whether the regions detailed above interact with the regions involved in self-referential processing. Some indications to this end have in particular been provided for the OFC, which plays a critical role in the representation of reward value and the individual experiences of pleasantness and unpleasantness (Francis et al., 1999) , as well as being discussed to code values or personal (experience based) preferences (Kiebel et al., 2008) .
Concepts of amygdala functions have, in turn, evolved from being responsible for indicating threats to a more general perspective with relevance for identification of affective or social salience of stimuli (Adolphs et al., 2002; Phillips et al., 2003; Simmons et al., 2004) . The latter concept is supported by amygdala responses to non-aversive stimuli (Ball et al., 2007; Hamann et al., 1999; Taylor et al., 2000) and to tasks requiring social evaluations (Bzdok et al., 2011; Engell et al., 2007; Todorov et al., 2011) . Importantly, however, such salience detection may be modulated by distraction or voluntary relocation of attentional resources and hence the, yet elusive, interaction with other cognitive and affective brain regions (Blair et al., 2007; Erk et al., 2007; Kellermann et al., 2012; Pessoa et al., 2002; van Dillen and Koole, 2007) .
To better understand the function and connectivity of the three affective regions identified in the previous study as susceptible to cognitive modulation we here further characterized these functionally defined regions using a database driven approach. In particular, our aims were to i) identify regions interacting with the functionally defined seed regions by assessing their task-dependent and taskindependent functional connectivity, ii) characterize the functional properties of all implicated regions by quantitative functional inference and iii) probe the potential existence of a central node within this network. To achieve these aims, we used the regions showing the abovementioned interaction-\effect (bilateral AMY and OFC) as seeds for querying the BrainMap database and hereby identifying published neuroimaging studies which feature activation in the respective regions. Reference to this large scale database enables both a quantitative functional inference, i.e., assessment of response characteristics, as well as the delineation of closely interacting (significantly co-activated) regions by meta-analytic connectivity modeling (MACM). Additionally, we performed resting-state functional connectivity analysis in a large sample of healthy subjects to complement the analysis using an independent modality. This seed-based approach thus allows investigation of neuronal networks functionally connected with the seeds independently of the current state (task-dependent -MACM/ task-independent -resting-state). Importantly, our analyses were constrained a priori to regions involved in affective processing. Rather, the behavioral context of our work is set by the experimental contrast used to define the seeds ("stimulus valence" × "cognitive load" interaction) and the analyses then characterized the response-profiles and connectivity of these regions.
We would like to emphasize that the employed approach is aimed at identifying regions showing functional connectivity, i.e., interactions, with the seeds, not regions that may show similar functions. Based on previous fMRI results we thus aimed at mapping regions functionally connected to the three regions in which we found emotional processing to be attenuated by cognitive demand. This is a distinctly different aim from identifying (other) regions in the brain in which affective processing may be modulated through this or other mechanisms, which would require, e.g., a meta-analysis over experiments probing such processes. Analyzing task-dependent and task-independent functional connectivity in turn reveals closely interacting brain regions and hence provides insight into the networks the seed regions are involved in. In this context, it is important to emphasize the aims and limitations of functional connectivity analysis. While these approaches allow the delineation of networks by mapping areas interacting with a seed during the performance of structured tasks (MACM) or in a task-free state of unconstrained cognition (resting-state), they do not allow any causal inference on these interactions. That is, functional connectivity analysis and behavioral profiling as in the present study provide new information on which regions interact with the seeds and what their functions are. But conclusions drawn from this information must be carefully distinguished from direct inference on the causality or context-dependency of the respective interactions. Moreover, it is necessary to point out that functional connections do not necessarily imply a direct, i.e., monosynaptic, anatomical connection between the involved regions, as functional connectivity may be mediated, through indirect connections. Consequently, the present work is aimed at delineating networks the seeds interact with and characterizing the functions the respective areas are involved in without the notion that these may exert direct, causal influence, e.g., in the context of affect-modulation. In doing so, however, it may serve as a proof-of-principle demonstration how emerging database driven methods may complement and extend neuroimaging results by quantitative behavioral inference and information on their connectivity in order to arrive at a more complete characterization of fMRI results and associated networks.
Materials and methods
Functional connectivity was assessed for three regions obtained from the previous fMRI-study (Kellermann et al., 2012) , which indicated that emotional processing in the (laterobasal [LB] and superficial [SF] ) amygdala bilaterally as well as the medial orbitofrontal cortex (OFC) was significantly attenuated by the concurrent performance of a more challenging working memory task. Image VOIs were used for determining the seed regions ( Fig. 1) , defining them by binarizing the contrast images of the "stimulus valence" × "cognitive load" interaction which represented the significant voxels of this contrast.
The analysis itself consisted of three aspects: I) Task-based functional connectivity was delineated using meta-analytic connectivity modeling (MACM) on functional neuroimaging experiments of the BrainMap database to identify brain regions that co-activate above chance with the seeds (see Eickhoff et al., 2010; Jakobs et al., 2012; Reetz et al., 2012; Robinson et al., 2012 ; for example using the same approach and database as in the present paper; cf. Cauda et al., 2011a as well as Koski and Paus, 2000 and Postuma and Dagher, 2006 for alternative implementations of the same concept). II) Functional connectivity in a task-free state was assessed by resting-state correlations, i.e., identification of brain regions showing endogenous activity changes correlated to the time-series of the seeds. III) Functional properties of the seeds and functionally connected areas were Fig. 1 . Seed regions for the functional connectivity analysis. Affective regions activated by the modulation of concurrent cognitive demand (stimulus valence × cognitive load interaction) as revealed in a recent study (Kellermann et al., 2012) . delineated by examining the meta-data characteristics of the identified neuroimaging studies of the BrainMap database.
Task-based functional connectivity analysis
The key idea behind meta-analytic connectivity modeling (MACM) is to assess which brain regions are co-activated above chance with a particular seed region in functional neuroimaging experiments Laird et al., 2009a) . In particular, MACM entails to first identify all experiments in a database that activate a particular brain region and then test for convergence across (all) foci reported in these experiments. Obviously, as experiments were selected by activation in the seeds, highest convergence will be observed in the seed region. Significant convergence of the reported foci in other brain regions, however, indicates consistent co-activation, i.e., functional connectivity with the seed. It should be noted that MACM as a data-driven approach characterizes the co-activations of a given region of interest -independent of how this seed has been defined. That is, while MACM has most commonly been used to investigate the functional connectivity of anatomically defined seed regions (Cauda et al., 2011b; Eickhoff et al., 2010; Robinson et al., 2010 ), brain regions defined by functional properties as in the current study, may likewise be assessed (e.g. Jakobs et al., 2012) .
MACM thus takes advantage of the high standardization in the publication of neuroimaging data, e.g., the ubiquitous adherence to standard coordinate systems and the emergence of large-scale databases which store this information, allowing to establish the convergence of information across studies (Laird et al., 2011a) . In particular, anatomical variability due to differences in the size and shape of the brain is removed by spatial normalization algorithms (as implemented, e.g., in FSL, SPM, AFNI or BrainVoyager) in virtually all neuroimaging studies. This ensures that the data for every subject and every cohort is spatially normalized into the same standard brain space. Reporting the results in tables as local maxima of brain activation or structural findings in this standard space, in turn, enables a comparison across studies (Fox, 1995) . For good compatibility of the data additional reporting of the reference brain and normalization software used is important as highlighted by a recent guideline paper for reporting neuroimaging data (Poldrack et al., 2008) . Given these widely accepted standards, several different neuroimaging databases have been developed to share data, with the most prominent examples being the NeuroSynth (Yarkoni et al., 2011) , the Brede database (Nielsen, 2003) , the SuMS database (Dickson et al., 2001) , fMRIDC (van Horn et al., 2001 ) and the BrainMap databases (Fox and Lancaster, 2002; Fox et al., 2005; Laird et al., 2005 Laird et al., , 2011b .
In this study we employed the latter database (www.brainmap.org), which currently contains the results of over about 2114 functional neuroimaging publications reporting 79,577 activation locations across 9994 experiments. This database contains all significant peak coordinates for all activation foci that are reported in the respective neuroimaging experiments, irrespective of significance threshold. Only fMRI and positron emission tomography studies that reported functional mapping data from healthy participants were considered for the present study. Those investigating age, gender, disease or drug effects were excluded. No further constraints (e.g., on acquisition and analysis details such as fixed-or random-effects inference, experimental design, or stimulation procedures) were enforced. In order to focus on the conceptually unambiguous interpretation of co-activation as shared recruitment by task demands, the present analysis was focused on activation studies and thus excluded deactivation studies. As the first step of the MACM analysis we identified (separately for each seed) all experiments that featured at least one focus of activation within the respective seed (MNI-space). In order to facilitate such filtering, coordinates from all experiments in the BrainMap database reporting their results in Talairach space were converted into MNI coordinates by using Lancaster transformation (Lancaster et al., 2007) . Then, all experiments activating the currently considered seed were identified. The retrieval was solely based on the reported activation coordinates, not on any anatomical or functional label. This revealed all experiments which featured at least one activation in the seed regions (amygdala bilaterally and OFC), irrespective of their label in the original publication. This procedure yielded 122 studies of the left amygdala, 189 studies of the right amygdala and 142 studies of the mOFC. Importantly, this number of studies directly reflects the raw data of the location-based search in the BrainMap database, without additional manipulations. For a detailed list of these raw data of the location-based search, indicating the respective publications and contrasts used in the present study, see Supplementary Table S1 .
Subsequently, an ALE meta-analysis was performed on the retrieved experiments for each seed using the revised version (Eickhoff et al., 2009; Laird et al., 2009a) of the activation likelihood estimation (ALE) approach implemented in MATLAB (The MathWorks Inc, USA). The concept behind ALE is to treat the foci reported in the associated experiments not as single points, but as centers for 3D Gaussian probability distributions reflecting the associated spatial uncertainty. The width of distribution depends on the number of subjects in the original experiment and should reflect the uncertainty of the reported spatial location (Eickhoff et al., 2009) . It is based on empirical data on the betweensubject and between-template variance that represents the main components of this uncertainty. The between-subject variance was weighted by the number of investigated subjects per study. Therefore, larger sample sizes should provide more reliable approximations of the "true" activation effect and be modeled by smaller Gaussian distributions (Eickhoff et al., 2009) . In this context, it is important to point out, that the modeled activation maps are not intended to reflect the original activation foci of the included imaging experiments but rather provide a probabilistic representation of the reported coordinates by accommodating the associated spatial uncertainty (Eickhoff et al., 2009; Rehme et al., 2012) . For each experiment, the probability distributions of all reported foci are then combined into a modeled activation (MA) map (Turkeltaub et al., 2012) .
Taking the union across these yielded voxel-wise ALE scores describing the convergence of results at each particular location of the brain. To distinguish 'true' convergence between studies from random convergence, i.e., noise, in the proposed revision of the ALE algorithm , ALE scores are compared to an empirical null-distribution reflecting a random spatial association between experiments, i.e. focusing on inference on the above-chance convergence between studies, not clustering of foci within a particular study. Such null-distribution may be computed by sampling one voxel from each MA-map (representing distinct experiments) at random and then computing the union of them in the same way as for the spatially corresponding voxels in the computation of the ALE map (Eickhoff et al., 2009) . The ensuing value thus represents a realization of an ALE value under the null-distribution of spatial independence, i.e., the assumption that spatial location does not matter and any convergence across experiments is purely by chance. This approach, however, has been observed to be computationally inefficient and has thus been superseded by a revised algorithm in which the MA-value found for a particular experiment is represented in a summary histogram (cf., Eickhoff et al., 2012) . This histogram summarizes the likelihood of observing any possible MA-value (including zero) when sampling a voxel at random from the respective MA map of this experiment. To derive the nulldistribution of ALE values under spatial independence, the histograms are merged across the different experiments considered in the metaanalysis Turkeltaub et al., 2012) . This histogrambased analysis reflects exactly the same null-hypothesis as the random drawing, but computes the null-distribution much more efficiently. The ensuing null-distribution reflects the chance of observing any particular ALE value under the assumption of spatial independence between the considered experiments, i.e., their MA maps. The p-value of an observed ALE is then given by the proportion of this null-distribution (precisely, its cumulative density function) corresponding equal or higher ALE values. The ALE maps reflecting the convergence of co-activations with any particular seed region were subsequently thresholded at p b 0.05 cluster-level corrected (cluster-forming threshold: p b 0.001 at voxel-level) and converted into Z-scores for display.
Functional connectivity analysis of resting-state imaging data
Resting-state fMRI images were acquired in 107 volunteers. Among these, 100 subjects (50 female; mean age of male: 43.8 years; SD: 14.85; mean age of female: 44.4 years; SD: 13.5; overall mean age: 44.11 years, overall SD: 14.05) completed the entire scan-session, could clearly indicate that they had not been asleep, and did not show excessive motion or technical problems in their scans. These were then used for further analysis. Right-hand dominance of the participants was established by means of the Edinburgh handedness inventory (Oldfield, 1971) . In each age-category (defined by the decades: 21-30, 31-40, 41-50, 51-60, 61-71) 10 female and 10 male subjects were imaged. The youngest subject was 21 years old; the oldest subject was 71 years old. Subjects were recruited via local advertisement and through a database of pre-registered subjects. Subjects with a history of neurological or psychiatric disorders, as assessed by an in-person screening interview, were excluded prior to scanning. Moreover, all subjects were screened using the SKID inventory (Wittchen et al., 1997) and additionally evaluated with respect to cognitive deficits by the mini-mental status-test (MMST) (Folstein et al., 1975) . To evaluate depressive/dysthymic symptoms we furthermore employed the Beck's depression inventory (BDI) (Hautzinger et al., 2006) . Only subjects that were confirmed to be psychiatrically and neurologically healthy and did not take any sort of psychiatric or neurological medication were included in the actual imaging study. All subjects gave written informed consent to the study protocol, which had been approved by the local ethics committee of the University of Bonn, as these subjects were scanned as part of a collaborative effort between the Research Centre Jülich and this university.
Before the imaging session, subjects were instructed to keep their eyes closed and just let their mind wander without thinking of anything in particular but not to fall asleep. This was confirmed by post-scan debriefing, where we explicitly asked every subject if they fell asleep, if they kept their eyes closed, if they had felt comfortable in the scanner and if there were any other problems. All of the 100 subjects included in the final study reported that they stayed awake with their eyes closed and did not feel any discomfort or pain.
Images were acquired on a Siemens Tim Trio 3T whole-body scanner (Erlangen, Germany) at the Research Centre Jülich, Germany. For each subject, 300 resting state EPI images were acquired using blood-oxygen-level-dependent (BOLD) contrast [gradient-echo EPI pulse sequence, TR = 2.2 s, TE = 30 ms, flip angle = 90°, in plane resolution = 3.1 × 3.1 mm, 36 axial slices (3.1 mm thickness) covering the entire brain]. The first four images were discarded to allow for magnetic field saturation, the remaining 296 were then processed using SPM8 (www.fil.ion.ucl.ac.uk/spm). Images were first corrected for head movement by affine registration using a two-pass procedure. The mean EPI image for each subject was then spatially normalized to the MNI single subject template (Holmes et al., 1998) using the "unified segmentation" approach (Ashburner and Friston, 2005) and the ensuing deformation was applied to the individual EPI volumes. Finally, images were smoothed by a 5-mm FWHM Gaussian kernel to meet requirements of normal distribution and compensate for residual anatomical variations.
The time-series data of each voxel in the brain was then processed as follows (cf. Fox et al., 2009; Weissenbacher et al., 2009; zu Eulenburg et al., 2012) : In order to reduce spurious correlations, variance that could be explained by the following nuisance variables was removed from each voxel's time series (Bellec et al., 2006; Fox and Raichle, 2007) : i) The six motion parameters derived from the image realignment. ii) The first derivative of the realignment parameters. iii) Mean grey and white matter as well as CSF signal intensity per time-point as obtained from averaging across the voxels attributed to the respective tissue class in the SPM 8 segmentation. iv) Coherent signal changes across the whole brain as reflected by the first five components of a PCA decomposition of the whole-brain time-series (Behzadi et al., 2007; Chai et al., 2012; Thomas et al., 2002) . All of these nuisance variables entered the model as first and all but the PCA components also as second order terms. Even though PCA-denoising has been shown to improve specificity of functional connectivity analyses (Behzadi et al., 2007; Chai et al., 2012) , we additionally evaluated whether the obtained results were influenced through this approach by performing another set of analyses on the same data without this approach for comparison. Data were then band pass filtered preserving frequencies between 0.01 and 0.08 Hz, since meaningful resting-state correlations will predominantly be found in these frequencies given that the bold-response acts as a low-pass filter itself (Biswal et al., 1995; Fox and Raichle, 2007; Greicius et al., 2003) .
As for the MACM analysis described above, the regions engaged in implicit emotional appraisal and modulated by concurrent cognitive demand provided seed regions of interest. Time-courses were extracted for all voxels within the particular cluster that were located in the grey matter of the individual subject as indicated by a segmentation of the individual EPI image (Ashburner and Friston, 2005) . The time course of the entire seed region was hereby expressed as the first eigenvariate of the individual voxels. Linear (Pearson) correlation coefficients between the time series of the seed regions and those of all other grey matter voxels in the brain were computed to quantify resting-state functional connectivity. These voxel-wise correlation coefficients were then transformed into Fisher's Z-scores and tested for consistency across subjects by a second-level analysis of variance (ANOVA, including appropriate non-sphericity correction). The results of this random-effects analysis were then thresholded at a family wise error (FWE)-corrected level of p b 0.05.
In order to assess potential age-and gender effects on the functional connectivity analysis, we performed a supplementary second-level analysis of variance (ANOVA) including age and gender as covariates.
Cross-validation of MACM and resting state
To delineate areas showing functional connectivity with the seed regions in a task-dependent (MACM) as well as in the task-free state (resting-state), we performed a conjunction analysis between the MACM and the resting state analyses. That is, we aimed at identifying voxels that showed significant functional connectivity with the seed in the analysis of interactions in both the task-dependent (measured by co-activation across a broad range of experiments using the BrainMap database) and the task-free state (measured by correlations in ongoing activity in 100 subjects). Practically, this was realized by using the regions showing significant co-activations with the three seed regions (MACM analysis on the BrainMap database) as inference masks for the assessment of resting-state connectivity.
Functional characterization
Functional properties were characterized for the three seed regions (amygdalae and OFC) and the areas functionally connected with them. We first identified for each region those experiments in BrainMap that featured at least one focus of activation within this region as detailed above. After that we tested for "Behavioral Domain" (BD), "Paradigm Class" (PC), and "Stimulus Type" (ST) meta-data categories that were significantly overrepresented. Behavioral domains code the mental processes isolated by the statistical contrasts (Laird et al., 2009a (Laird et al., , 2009b (Laird et al., , 2011a (Laird et al., , 2011b and comprise the main categories cognition, action, perception, emotion, and interoception, as well as their related subcategories. Paradigm classes categorize the specific task employed (see http://brainmap.org/scribe/ for the complete BrainMap taxonomy). BD, PC, and ST metadata were studied by determining the frequency of category "hits" relative to its distribution across the entire database. In particular, functional roles of the derived clusters were identified by significant over-representation of BDs and PCs in the experiments activating the respective cluster relative to BrainMap using a binominal test (pb 0.05, corrected for multiple comparisons using Bonferroni's method (cf. Nickl-Jockschat et al., 2011)).
Results

Task-based functional connectivity estimated from BrainMap
Meta-analytic connectivity modeling (MACM) of co-activations was performed on the three regions that showed attenuated implicit affective processing during a more challenging working memory task (Kellermann et al., 2012) . These 'affective' regions that are susceptible to modulation by concurrent cognitive load and represent the seeds for the functional connectivity analysis were the amygdala bilaterally (right amygdala: peak MNI coordinates: −18/−2/−26, cluster-size: 349 voxel; left amygdala: peak MNI coordinate: 26/−3/−17, cluster-size: 89 voxel) and the OFC (peak MNI coordinates: −5/39/−23, cluster-size: 1099 voxel). In reference to cytoarchitectonic maps of the human orbitofrontal cortex, the work of Ongür and Price (2000) as well as that by Petrides and Mackey (2006) , we would suggest that our activation and hence region of interest in the OFC is located in area 14 and the medial extreme of area 11 (11 m). It should be noted, however, that probabilistic maps in standard space based on observer-independent cytoarchitectonic examination (cf. Schleicher et al., 2005; Zilles and Amunts, 2010) are not yet available for the OFC. The relevant thresholds use to define all of these three seed regions in the fMRI analysis were: height threshold T=3.11 (cluster forming threshold of voxel-level pb 0.001), extent threshold k=85 voxels.
In order to assess brain regions that co-activate and hence interact with all three seeds, we performed a conjunction analysis over the respective thresholded functional connectivity maps (i.e., MACMmaps) using the minimum statistic . This conjunction analysis revealed consistent task-based functional connectivity of all three seeds with laterobasal amygdala bilaterally (− 18/− 14/− 17 and 26/− 10/− 17), subgenual cingulum (SGC) (0/28/− 5), right nucleus accumbens (NAcc) (10/− 2/− 5) and left precuneus (PCu) (− 4/− 58/25) (Fig. 2) .
Task-free functional connectivity estimated from resting-state fMRI
This task-based connectivity was then cross-validated against functional connectivity in a task-free resting-state. Testing for the conjunction of the resting-state connectivity maps of the three seeds revealed, apart from the amygdala bilaterally (−24/−12/−21 and 27/−11/−23), significant coupling of all three seeds only with the SGC (maximum at 2/27/−15). Importantly, we could completely confirm these results in the analysis without PCA denoising, where we found local maxima of the significant conjunction-effects in the SGC (−2/33/−9) and in amygdala bilaterally (−25/−12/−24 and 25/−10/−22). It should be noted, that the coordinates previously provided (Task-based functional connectivity estimated from BrainMap) slightly differ from the ones reported here, as the latter pertain to the maximum statistical effect of the resting-state connectivity analysis within the volume defined by the MACM results, whereas the former denote the location of the statistical maximum of the MACM analysis.
Testing for age-and gender effects in the resting-state functional connectivity data (where subject-specific information can be obtained in contrast to the MACM analysis integrating across different neuroimaging studies) showed that neither age nor gender had any statistically detectable effects on the functional connectivity of the assessed seeds. The most significant effect for age was at p b 0.003 uncorrected in a cluster of 2 voxels. The analysis of gender effects likewise did not reveal any significant effects (p-value of the most significant voxel was at p b 0.008 uncorrected in a cluster of 1 voxel). These effects were also not significant after small volume correction. We thus did not find any evidence for age or gender effects on the functional connectivity of the seed regions (the amygdala and the OFC).
Cross-validation of MACM and resting state
Both task-based and task-free connectivity of the seed regions, in which affective processing was shown to be modulated by cognitive demand, hinted at a role of the SGC as a "hub" in the delineated network. This hypothesis was tested by assessing SGC connectivity in the endogenously controlled resting-state. This analysis revealed that the SGC was significantly coupled with all regions implicated in the network delineated by MACM, i.e., left PCu (−7/−55/21), NAcc (5/3/−10), and amygdala bilaterally (−15/2/−24 and 17/−5/−18) as well as medial OFC (−3/31/−21) (Fig. 3) . Note again that coordinates for the same region differ between analyses, as these always indicate the respective local maximum.
In line with the almost identical results obtained with and without denoising in the analysis of the seed-connectivity, omitting the PCAdenoising changed the results for the SGC connectivity only slightly. In particular, we found connectivity with all the very same regions as above, although two of these (right amygdala and NAcc) barely failed to reach (corrected) statistical significance but were evident just under the threshold.
For a schematic graph comparing both methods -MACM and resting-state -see Fig. S2 in the supplementary material.
Functional characterization
Analysis of behavioral domain profiles and paradigm classes of the three seed regions showed that the seed regions within the left and right amygdala, respectively, were recruited by experiments involving visual stimuli, in particular faces and film clips, as well as by those employing gustatory stimuli and classical conditioning. The right amygdala was additionally associated with reward tasks and interoception, whereas the left amygdala with recognition, associate recall and subjective emotional picture discrimination, as well as (explicit) memory tasks. An association of the amygdala regions on both sides function of the reward tasks was shared with the OFC. Moreover, the latter area (OFC) was also associated with episodic recall and semantic monitoring (Fig. 4) .
Functional characterization showed association of all co-activated regions, i.e. left PCu, NAcc, bilateral amygdala and SGC, with emotional processing and except PCu also interoception. All regions, except left amygdala and PCu, were activated during reward tasks. In contrast, these two regions (left amygdala and PCu) were activated during memory recall. Both amygdalae, as well as PCu showed activation in episodic memory tasks. However, specifically for PCu, we also found this region activated by tasks of social cognition (theory of mind-tasks). Finally, NAcc and PCu were found to be significantly activated by subjective emotional picture discrimination (Fig. 5) .
Functional anti-correlations
In the previous fMRI study, from which the seeds were derived, we found that increased concurrent cognitive demand was not only associated with attenuation of the seeds for the current experiment but also with increased activation in prefrontal, premotor and parietal cortices (Fig. 6a) . In other words, the latter areas showed an anti-correlated pattern of task-based activation in Kellermann et al. (2012) and may thus potentially underlie the attenuation effects in the amygdala and the OFC. To follow up on this observation, we here computed another functional connectivity analysis, this time assessing regions whose restingstate time-courses were significantly anti-correlated with those of the seeds. This analysis revealed negative, i.e., anti-correlated, functional connectivity between the amygdala/OFC and a bilateral fronto-parietal network comprising the dorso-lateral prefrontal cortex, the dorsal premotor cortex, the cerebellum as well as inferior and superior parietal lobules (Fig. 6b) . Importantly, this network strongly overlapped with that found to increase activity with higher cognitive load, as demonstrated by a conjunction analysis (Fig. 6c) . This significant overlap is particularly important given recent discussions that anti-correlations in resting state analysis may partially be considered methodological artifacts, as it indicates that the ensuing anti-correlated regions are indeed activated by the task under which processing in the seeds is attenuated.
Discussion
The presented study mapped the network showing functional connectivity with areas that were activated by implicit emotional processing and attenuated by concurrent cognitive demand. In particular, we performed seed-based investigation of three key regions in the affective processing network (bilateral amygdala and OFC), which were based on suppressed processing of emotional stimuli under cognitive demand in a previous fMRI study. Importantly, this is a first demonstration, how a conjunction of several MACM analyses may be employed to identify regions that show significant task-based functional connectivity with more than one seed region. Given that all of the seeds were derived from this same contrast of a functional neuroimaging study, this approach thus combines two innovations to MACM analyses, namely the use of functionally defined seeds and that of conjunctions. Moreover, the methodological purpose was to demonstrate, how functional neuroimaging data may be supplemented by information on task-dependent but also task-independent connectivity as well as quantitative behavioral inference. With this, it exemplifies how these innovative analyses may be used to characterize the functional networks interacting with seed regions derived from fMRI results. Together, these two aspects represent an interesting evolution from previous MACM work on similar, albeit macroanatomically defined, regions (cf. Robinson et al., 2010; Zald et al., 2012) . In particular, in contrast to the work of Robinson and colleagues on the amygdala and that of Zald et al. on the orbitofrontal cortex, the current work has an intrinsically close link to functional specialization. Given that the three seeds were obtained from the same fMRI contrast, we can ascribe a particular functionality toward them, in our case the modulation of affective processing by concurrent cognitive demand. The MACM analyses now identify regions that, across many tasks, co-activate with these seeds. Importantly then, the conjunction identifies, which regions are significantly more likely than chance to co-activate with all of these seeds. That is, we can identify common co-activations of functionally defined locations. In our case, this analysis revealed the subgenual cingulate cortex, which itself is known to be strongly associated with mood regulation and dysregulation (depression). It thus appears plausible that the SGC shows significant taskbased functional connectivity to all three seeds which were, in turn, defined by showing a modulation of their functional response to affective stimuli by cognitive demand.
Methodological considerations and limitations
Meta-analytic connectivity modeling represents a novel approach to functional connectivity by identifying patterns of co-activation across a large number of subjects (Robinson et al., 2010) . In comparison to the widely used ICA-based methods, this approach may enable a deeper understanding of functional properties and cognitive processes that are sustained by the delineated networks as it allows reference to the behavioral meta-data of the tasks recruiting the respective regions. In spite of its emerging success (cf. Cauda et al., 2011a; Jakobs et al., 2012; Reetz et al., 2012; Wager et al., 2007) , a few conceptual peculiarities and potential limitations should be considered.
Technically, it must be noted that the unit of observation in MACM, as a method for testing task-based functional connectivity, is a particular neuroimaging experiment rather than a particular image in a subjects' time-series, given that MACM assesses correlation of activation (across many different experiments) between brain regions. One potential drawback of MACM is thus that it does not provide information about a particular population of interest or even individual subjects. Hence, it may not be used to assess inter-individual confounds such as age or gender. In the present study, we addressed this limitation by combining Fig. 3 . Assessing SGC connectivity in the endogenously controlled resting-state. Connectivity of the SGC during task-free state was revealed with all three seed regions implicated in the network connected to suppressable emotional processing, as delineated by MACM, i.e., the left PCu, NAcc and bilaterally amygdala, as well as the medial OFC.
MACM with another approach toward functional connectivity analysis, i.e., resting-state correlations. These allowed us to test (and rule out) age and gender related effects.
Another consideration is that sometimes not all regions are equally likely to show activations due to regional differences in effect sizes or spatial variability (Cole and Schneider, 2007) . For example, the Fig. 4 . Functional characterization of the three seed regions. The green bar represents found foci in the associated experiments, while the grey bar shows these numbers of foci that were expected over chance to be found. Both amygdala VOIs, though not the OFC were activated significantly above chance by visual and gustatory stimuli, as well as classical conditioning. The right side was additionally associated with reward tasks and interoception, whereas the left side with recognition, associate recall and subjective emotional picture discrimination, as well as (explicit) memory tasks. The first function was shared with OFC, which was also associated with episodic recall and semantic monitoring.
hippocampus is known to be strongly connected to and its functions modulated by amygdala and prefrontal regions (Depue et al., 2007; Kilpatrick and Cahill, 2003; Peper et al., 2006; Phelps, 2006; Phelps and LeDoux, 2005; Richter-Levin, 2004; Smith et al., 2006 ), but we did not find this area in the conjunction across the MACM maps of all three seed regions. In the analyses considering only coactivations of the amygdala, in turn, we found effects in the hippocampus as part of a large cluster of significant MACM effects that was spatially contiguous with the seed region. We would hence carefully argue that across many different types of experiments the hippocampus may not be as consistently interacting with the amygdala and OFC as one might have expected. On the other hand, however, this may reflect larger variability and lower signal-to-noise ratios of hippocampal regions in neuroimaging and particularly fMRI experiments as compared to, e.g., the precuneus. Furthermore, several other brain regions involved in affective processing have likewise been discussed as susceptible to modulation by cognitive demand (Bermpohl et al., 2006) . For instance, attentional modulation was Fig. 5 . Functional characterization of the co-activated regions. The green bar represents found foci in the associated experiments, while the grey bar shows these numbers of foci that were expected over chance to be found. The co-activated regions (SGC, PCu, NAcc and amygdala) showed associations with emotional processing, episodic memory, interoception and reward, as well as, specific for the precuneus social cognition. observed in medial prefrontal cortex, amygdala, dorsal midbrain , anterior and posterior cingulate gyrus (Fichtenholtz et al., 2004) , insula, superior temporal gyrus and lateral prefrontal cortex (Keightley et al., 2003; Northoff et al., 2004) . The anterior cingulate cortex (ACC), e.g., is known to be implicated in cognitive as well as in affective/emotional processes (Bush et al., 2000) . This region, which was not found in the context of our previous experiment and hence not considered in the current follow-up analysis, may therefore represent another critical structure within the affective network susceptible to cognitive demand. In light of the fact that we found and consequently analyzed some but not all previously discussed regions, it must be considered that the methods and paradigms from which conclusions about the abovementioned other areas were derived are quite heterogeneous (see e.g., Lane et al., 1999; Liberzon et al., 2000) . Hence, there seems no consensus on which regions involved in affective processing may be susceptible to different cognitive modulations. Moreover, the neuronal distinction between cognition-emotion interactions (Dolcos et al., 2011; Gu et al., 2013) , cognitive control/regulation of emotions (Ochsner and Gross, 2005) , and cognitive inference with affective processing (Bartholow et al., 2001) remains to be elucidated.
Importantly, task-based functional connectivity analysis is naturally constrained to tasks that can be performed in the scanner. As a consequence networks that may be recruited by more naturalistic behavior may be sparsely represented in the database. Given the broad range of task-results that are stored in the BrainMap database and the data-driven approach, however, we would argue that at least a large amount of possible task-relevant interactions of a particular seed region may be delineated.
A potential drawback of resting state functional connectivity analysis, on the other hand, is its reliance on the raw MRI signal time courses. These are intrinsically noisy due to scanner artefacts, motion-induced effects, and physiological sources such as heart beat and respiratory cycles Weissenbacher et al., 2009) . Accordingly, reducing the potential for spurious correlations by such perturbations is a key aspect of several factors of data preprocessing by temporal and spatial filtering (Bellec et al., 2006; Fox and Raichle, 2007) . It has been noted, however, that such processing steps may themselves introduce (anti-) correlations in the time-series and no final consensus has yet been reached on the optimal preprocessing strategies. Finally, it must be remembered that the physiology underlying resting-state fluctuations and hence also low-frequency correlations remains a matter of conjecture.
In addition to the conceptual differences between resting-state correlations and MACM, these two approaches also differ in the composition of the assessed subject groups. In particular, for the resting-state analysis we recruited a gender-balanced cohort whose age was (in each gender) uniformly distributed between 20 and 70 (with 10 subjects per gender and decade). Additional supplementary analyses moreover showed that there was no statistically detectable effect of age or gender on the functional connectivity of our seeds. For the MACM analysis, in turn, we relied on a large amount of published neuroimaging studies, whose results were synthetized in a purely data-driven manner to identify significant co-activations of the seeds. Evidently, these studies are highly heterogeneous with respect to virtually all sociodemographic variables, e.g., age, gender (−distribution), ethnicity or education level. We would argue that this heterogeneity should enhance generalizability of the obtained results, as it renders these potential confounds non-systematic variations. In other words, whereas resting-state data was obtained in a well-balanced, stratified cohort, the MACM analysis integrates over many different more or less randomized subject characteristics. Nevertheless, it may not be ruled out that the different compositions of the resting-state group and the MACM data may bias these two methods toward different findings even though such biases have not been systematically explored yet. Precisely these concerns, however, were the main reason for using both approaches in conjunction to infer the functional connectivity of the seed regions.
Functional characterization of the seed regions
By examining the functional characteristics of the three seed regions (bilateral amygdala and OFC) via BrainMap, we found all of these regions to be activated during emotion and reward tasks, which may be considered a quantitative confirmation of previous qualitative discussions on the relationship between both processes (Kringelbach and Rolls, 2004; Murray and Wise, 2010; Phan et al., 2002; Sergerie et al., 2008; Wallis, 2007; Zald, 2003) . Such association between emotion and reward in turn is not surprising as reward values often reflect the emotional appraisal of information (Schmitz and Johnson, 2007) and the experience of a reward may itself induce a (positive) affect (Keitz et al., 2003) . The current data moreover quantitatively confirmed the notion that emotional processing is associated with interoceptive Fig. 6 . Calculating the negative correlation of the three seeds in task-free state demonstrated that the emotional and the cognition network have contrary activation patterns, which might not only be activated in a special fMRI-task, but also in a task-free state. a) Higher concurrent cognitive demand modulated activation in emotional areas (amygdalae and OFC) and evoked stronger activation in the superior parietal lobe and the premotor cortex. b) Functional connectivity analysis, assessing regions whose resting-state time-courses were significantly anti-correlated with those of the seeds. c) Conjunction over regions increasing their activity when going from an easy to a more challenging working-memory task (during which activity in the seeds was attenuated) and anti-correlations with the three seed regions where affective processing is susceptible to attenuation by concurrent cognition.
processing (Craig, 2009; Critchley et al., 2005; Pollatos et al., 2007) . For example, Pollatos et al. (2007) found that the representation of bodily responses has an essential role for individuals' emotion, based on the observation that subjects with high interoceptive awareness reported stronger feelings while viewing pleasant and unpleasant pictures.
Anatomical connectivity of the seed regions
Here, we review previous findings on anatomical connections between the seed regions but not without noting that functional connectivity, as a coincidence of spatially remote neurophysiologic events (Eickhoff and Grefkes, 2011; Friston et al., 1996) , does not imply any kind of direct connection between the respective regions. Rather, correlation between brain regions might be mediated by monosynaptic connection as well as through relays or may even be spuriously be induced by a third region not involved in the analysis.
Invasive tracing studies in macaque monkeys demonstrated that the medial OFC is anatomically connected with several brain areas both in the prefrontal cortex and the limbic system that are involved in emotional processing (Cavada et al., 2000; Rempel-Clower, 2007) . For instance, Carmichael and Price (1995) reported that the OFC can be subdivided into a lateral part which is less limbic related and a posteromedial part, which is strongly limbic related as it is connected with the majority of the examined limbic structures. Projections from the amygdala, hippocampus, perirhinal and entrhinal cortex and the temporal pole could be found in that later region of the OFC (Barbas et al., 2003; Carmichael and Price, 1995; Price, 2007) . Moreover, the mOFC was reported to show anatomical connectivity with NAcc (Haber et al., 1995) , as the authors reported that the nucleus accumbens in the monkey also receives a dense projection primarily from area 11 (representing the mOFC) and area 13. Connectivity between the mOFC and the SGC has also been demonstrated in non-human primates (Johansen-Berg et al., 2008) . Although there are no direct anatomical connections between OFC and precuneus, the absence of direct anatomical connections does not impede functional connectivity between them. Given these diverse and widespread connectivity to limbic and sensory areas, the OFC has been ascribed an important role in emotional behavior as well as the representation of social and affective values (Cavada et al., 2000; Kiebel et al., 2008) . This view is well reflected by the functional characterization of the OFC in the present analysis.
While a detailed discussion of the connection patterns of the (primate) amygdala is beyond the scope of this paper (for further reading cf. Sah et al., 2003) we want to point to some findings that are relevant to the observed functional interactions: Several earliest neuroanatomical studies on non-human primates did not reveal interhemispheric connections of amygdaloid nuclei (Bailey et al., 1941; Irwin et al., 2003; Lauer, 1945) . There is one older investigation that showed direct interhemispheric connectivity of the majority of nuclei in the human brain (Klinger and Gloor, 1960) . Moreover, there are several studies that reported intra-amygdalar connections in the rat Savander et al., 1995; Petrovich et al., 1996) and in the monkey (Aggleton, 1985; Pitkänen and Amaral, 1998) .
The existence of direct, i.e., monosynaptic, structural connection between the amygdalae, in particular in the human brain, remains on open question. In this context, however, it is important to note, that an absence of such connections does by no means rule out a functional connectivity between these areas given that functional connectivity only indicates correlated or coordinated activity which may be mediated by other structures or reflect engagement by the same functional networks.
As mentioned above, there are connections, between mOFC and amygdala (Rempel-Clower, 2007 ) that may serve complementary functions: the amygdala processed the emotional significance of stimuli (Phelps, 2004) , while the OFC is important for appraisal of a stimulus, adapting behavior and the emotional context of a cue (Roberts, 2006; Schultz et al., 2006) . In this context, a conspicuous observation from the MACM analysis was that consistent co-activations of the three seed regions were found in the amygdalae but not the OFC. Such asymmetry, however, does not implicate directionality but rather conditionality of functional connectivity. Experiments activating the OFC were more likely than by chance to also activate the amygdala, while this was not the case vice versa. Activation in the amygdala thus does not necessarily entail co-activation of the OFC, whereas activation of the latter is significantly associated with amygdala co-activation. While the functional relevance of this distinction may need further investigation, we would like to note that the missing co-activation of the OFC should most likely not reflect a methodological constraint such as limited coverage of this region, as we found a solid number of 142 studies within BrainMap which featured activation in OFC. However, we cannot entirely rule out the possibility that as differences in magnetic susceptibility at air/tissue boundaries, magnetic field inhomogeneity and the hereby caused geometric distortion and low sensitivity in the OFC may have contributed to this observation. Given that especially the OFC is known as a region often suffering from signal dropout, it remains possible that the lack of OFC coactivation may in part be attributable to methodological issues.
Bidirectional projections between the amygdala to the nucleus accumbens have been observed in all mammalian species (Amaral and Price, 1984; McDonald, 1991) and should (partially) underlie the functional relationship between affect and reward mentioned above (Krettek and Price, 1978; Russchen et al., 1985) . Importantly and well in line with the current results, task-dependent functional connectivity of this region with the amygdalae and the OFC have already been shown in a previous MACM investigation (Cauda et al., 2011b) . Finally, tracer studies in nonhuman primates have repeatedly demonstrated connections between amygdala and SGC (Freedman et al., 2000) . Using fiber tracking based on diffusion weighted imaging, Johansen-Berg et al. (2008) found similar connections between SGC and amygdala in the human brain. While it has been argued that the SGC has connections to different parts of the amygdala in different species (Freedman et al., 2000; Takagishi and Chilba, 1991) there is a growing consensus that the SGC projects in particular to the intercalated nuclei of the amygdala (Freedman et al., 2000) and may exert modulatory effects on different amygdala functions (cf. Paré and Smith, 1993) .
In one of the earliest MACM studies, Robinson et al. (2010) examined the connectivity of a macro-anatomically defined amygdala complex as provided by the Harvard-Oxford Structural Probability Atlas. By comparison with the CoCoMac database on structural connectivity in the macaque monkey, they concluded that MACM provides a similar picture of amygdala (functional) connectivity as provided by axonal tracing in non-human primates. Importantly, however, this work pertained to the connectivity of the amygdala complex as a whole. There are, however, several indications, that the amygdala is a heterogeneous structure holding multiple nuclei with differentiated function and connectivity (Adolphs, 2010; Amunts et al., 2005; Bzdok et al., 2012; McGaraughty and Heinricher, 2002) . Consequently, specific, e.g., functionally, defined parts of the amygdala do not necessarily need to reflect the overall connectivity pattern for the entire structure. The present paper uses such approach and examines the functional connectivity of a much more confined seed region within the amygdala that was defined by the cluster in which we found a significant modulation of affective processing by cognitive demand that was defined by a particular functional property, i.e., the suppression of affective processing by cognitive demand. That is, whereas the previous work examined the connectivity of the amygdala-complex as a whole, we focused on a specific sub-part of it showing a particular function of interest. We thus address a much more specific question on amygdala connectivity. It may hence not surprise, that in comparison to the previous study by Robinson and colleagues examining the entire amygdala complex, the current work on a specific, functionally defined part of the amygdala yields both congruencies and divergences. An important consistency is the observation of significant functional connectivity of the amygdala with the SGC, the ventral basal ganglia (in our case more specific the NAcc) and the PCu, even though the latter region was just found to be connected with the right AMY in Robinson's paper. Contrasting our findings, the analysis of the much broader macroanatomically defined amygdala complex also indicated more extensive co-activation with the cingulate cortex (labeled by Robinson and colleagues as BA23, BA32), the frontal gyri (labeled as BA9 and BA47) and the thalamus. Other co-activations not observed in the present study include the bilateral culmen, the anterior insula, the parahippocampal gyri and right middle temporal gyrus labeled as BA37). In summary, we would thus conclude that following what may have been expected from the much more confined, functionally defined seed region, our analysis revealed only a subset of the much broader connectivity network delineated for the entire amygdala by Robinson et al. (2010) .
Functional role of the nucleus accumbens
The nucleus accumbens (NAcc) is conceptualized as a crucial node of brain systems regulating motivation and reward (Schultz, 2004) due to its affluent position in the meso-corticolimbic dopaminergic system (Gill et al., 2010; Ikemoto and Panksepp, 1999) . Reward function of the NAcc, such as the evaluation of reward expectancy in social, monetary, or drug rewards has consequently been observed in several neuroimaging studies (Kampe et al., 2001; Rademacher et al., 2010) . As previously discussed (Functional characterization of the seed regions), there is a strong phenomenological and neurobiological association between emotional processing and reward (Martin-Soelch et al., 2001) , which is underlined by the functional connectivity of the NAcc with affective regions as demonstrated in the current and previous study (cf. Ashby et al., 1999; Cauda et al., 2011b) . Moreover, the involvement of the brain's reward circuitry, including NAcc, in appraisal of social stimuli has also been demonstrated (Bzdok et al., 2011) . Consequently, reward mechanisms may modulate behavior toward salient social cues (Cardinal et al., 2002; Schilbach et al., 2011 ) such as facial beauty, which in turn may be appraised in the OFC according to their reward value (Kringelbach and Rolls, 2004) . We would hence argue that the NAcc activity reflects the value of someone's (emotional) appraisal (Aharon et al., 2001) and note that the current data again underline the close relationship between reward and emotional appraisal.
Functional role of the precuneus
The precuneus has been conceptualized as a "higher" association area (Cavanna and Trimble, 2006) involved in visuo-spatial imagery (Le et al., 1998; Nagahama et al., 1999) , episodic (Platel et al., 2003; Shallice et al., 1994; Tulving, 1983) and autobiographical memory (McDermott et al., 1999; Svoboda et al., 2006) as well as self-referential processing (Kircher et al., 2000; Lou et al., 2004; Ochsner et al., 2004) and social cognition (Schilbach et al., 2008) . The functional characterization by the BrainMap data quantitatively confirmed this view, showing an association between activation within this area and social cognition, as well as subjective emotional picture discrimination and memory. As proposed by Conway (1992) and extended by Schacter et al. (2007) we would thus assume that the precuneus provides retrieval of autobiographical memory and potential projection of prospective accounts and feeling for the self-referential evaluation of (visual) sensory input. Co-activation of precuneus with regions featuring (attenuable) stimulus-driven emotional processing may hence correspond to the integration of one's own experience into the emotional appraisal of incoming stimuli automatically performed when cognitive load is low.
The SGC as a central node in an (attenuable) emotion-processing network Convergence of task-dependent and task-free functional connectivity analysis indicated that the subgenual cingulate cortex (SGC) might represent a key node in the delineated network. This hypothesis was corroborated by demonstrating functional connectivity of the SGC with all other regions implicated in this network. In line with this view, dense anatomical connectivity of the SGC within the limbic system has been demonstrated in invasive tracing studies (Carmichael and Price, 1995; Chiba et al., 2001) . Neuroimaging studies have associated activity in the SGC with emotionally salient stimuli (Drevets et al., 2008; Elliott et al., 2000) , the experience of negative mood states (George et al., 1995; Mayberg et al., 1999) and social cognition (Beauregard et al., 1997; Drevets, 2000; Elliott et al., 2000; Maddock et al., 2003) .
Patients with SGC lesions show abnormal responses to emotional stimuli and fail to use reward information in directing social behavior (Damasio et al., 1990) . Moreover, abnormal connectivity of the SGC during emotional and cognitive tasks (Chen et al., 2008; Drevets, 1999; Drevets et al., 2008; Johnstone et al., 2007; Matthews et al., 2008 ) and a reduced volume of this region (Botteron et al., 2002; Coryell et al., 2005) were already demonstrated in patients with depression. Hypofunction or dys-connectivity of the SGC has thus been discussed as possibly indicating susceptibility to affective disorders (Drevets, 2000; Mayberg et al., 1999) . Importantly, it has also been ascribed a crucial role for emotion regulation by a recent meta-analysis of various emotion-regulation tasks (Diekhof et al., 2011) . Torta and Cauda (2011) used MACM to investigate the functional connectivity and the functional characteristics of the cingulate cortex. In their study, these authors divided the cingulate cortex into 12 subregions used as seed regions of interest. They reported a ROI subregion of the cingulate cortex which was involved in reward-related and emotional tasks, which closely matches our own findings on this region. Moreover, their findings of functional connectivity with this subregion showed inter alia coactivations with the amygdala, the orbitofrontal cortex and the nucleus accumbens. This is also in good agreement with the present findings. It should be mentioned, however, that we did not perform a new MACM analysis using the SGC as a seed region of interest.
The present data resonates well with this notion and furthermore extends it by demonstrating that the SGC is closely coupled to all regions connected to our seeds. That is, the SGC is coupled to the entire network interacting with three key regions for affective processing and appraisal that are susceptible to cognitive modulation. Albeit somewhat speculative, we would suggest that the SGC might link autobiographic information (PCu), reward (NAcc), reinforcement values (OFC) and emotional significance (AMY). Such a role, in turn, would allow the SGC to exert modulating influences on the latter two structures for the modulation of implicit affective processing.
Conclusion and outlook
We here characterized the function and connectivity of three regions in which we previously found affective processing to be attenuated by concurrent cognitive load. Hereby we could show that the respective network might be formed by regions contributing autobiographic information (PCu), reward (NAcc), reinforcement values (OFC) and emotional significance (AMY). Cross-validation with taskfree functional connectivity furthermore demonstrated that in particular the SGC was closely coupled with all other regions implicated in this network. It seems likely that dysregulation of this hub or the connectivity within the delineated network may contribute to the pathophysiology of mood disorders, in particular depression. To evaluate the contribution of regional dysfunction or aberrant connectivity within this network to personality traits and clinical states that entail dysfunctional affective processing remains an important challenge for further research.
Supplementary data to this article can be found online at http:// dx.doi.org/10.1016/j.neuroimage.2013.01.046.
